
EXPERIENCE WITH THE USE OF A NONBASIC ALUM IN
CONNECTION WITH MECHANICAL FILTRATION.
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THE chemical which is used most commonlyfor the coagulation of
waters, in connection with the mechanical system of filtration, is
basic sulphate of alumina, more often referred to as "sulphate of
alumina," or merely as "alum." In a case where so much depends
upon the proper chemical treatment of the water, it is evident that
the quality of the chemical used is a matter of fundamental impor
tance. Most of the products which have been furnished for this pur
pose have been reasonably satisfactory in this respect. Recently,
however, an instance has occurred where inferiority in the quality of
the alum has caused a noticeable diminution in the efficiency of the
filter. The writers have thought that a brief description of this
experience might be of interest to others.

Theoretical sulphate of alumina has the formula Al2 (SO4) 3'

18 H 2 0; that is, it contains 48.64 per cent of water, 15.32 per cent
of alumina (Al203 ) , and 36.04 per cent of sulphuric acid (503).
The aluminum sulphate of commerce, however, differs somewhat
from these theoretical proportions. It usually contains somewhat
less water of crystallization and more sulphuric acid and alumina.
The excess of alumina over the theoretical amount is generally greater
than that of the acid, in the case of alums which have been furnished
for filtration purposes. This is what has given rise to the trade name
"basic sulphate of alumina." The excess of alumina (Al203 ) over
the theoretical amount necessary to combine with the acid (503)
usually varies from I to 5 per cent, although it sometimes is as
high as 10 per cent. The ratio of alumina (Al203 ) actually present
in an alum to the amount theoretically necessary to combine with the
acid (S03) present has been sometimes termed the ratio of basicity.
While in the. case of most alums which have been furnished for
filtration purposes the basicity ratio has exceeded unity, alums are
sometimes manufactured for other purposes which have a basicity
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ratio less than unity or which are exactly neutral. Neutral or acid
alums are sometimes preferred' in connection with paper-making,
bleaching, etc. It was the use of a neutral alum in connection with
mechanical filtration that gave rise to the investigations here recorded.

The sulphate of alumina of commerce is seldom absolutely pure.
It usually contains a certain amount of matter which is insoluble in
water, small amounts of ferrous and ferric iron, and, occasionally,
traces of lime, etc.

Specifications under which alum is obtained for filter purposes
usually require that the amount of insoluble matter, the amount of
iron, etc., shall not exceed certain' fixed quantities. They also pro
vide that the amount of available alumina (Al203 ) shall riot be less
than a certain specified figure. Seldom or never, however, has it
been specified that there shall' bean excess of basic alumina, that is,
that the alum shall contain more alumina than is theoretically neces
'sary to combine with the sulphuric acid present. Our experience,
however, has led us to believe that this is an important point.

A few' months ago a mechanical filter was put into operation,
-and from the start it gave lower bacterial efficiencies than it should
have done, considering the character of the plant. The percentage
removal of bacteria was between 90 and 95 per cent, instead of 98
per cent, as was expected. This 'condition of affairs went on for some
time, during which the plant was examined in every part, and every
thing found to be working satisfactorily and in accordance with the
most improved regulation. The character of the sand, the method
of washing, the rate of wash water, the application of air, the time of
coagulation, etc., were all found to be as they should be, yet the
results remained unsatisfactory. After a somewhat long series of
experiments it was finally determined, by process of exclusion, that
the trouble must lie with the' alum. In the meantime it had already
been noticed that the alum furnished had a low basicity ratio or was
practically neutral. An occasional lot was even found to be slightly
acid instead of basic. There being no experience on record with the
use of such an alum, laboratory. experiments were made to determine
the difference between a neutral alum and a thoroughly basic alum
in the coagulation of water. Several samples were obtained which
differed in their basicity from 1.00 to 1.06, and these alums were
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added to various samples of water in various amounts from one-half
to three grains per gallon. The results were striking. In the case of
the basic alums the floes of coagulant formed more rapidly and were
much larger than in the case of the neutral alums. This was found
to be true with a clear hard water, with a soft water moderately clear,
and with a highly colored water. The neutral alum was then rendered
basic by the addition of sodium hydrate, and when this was' compared
with the same alum without this addition, the floes were decidedly
larger in the case of the basicified sample. The reason for this action
is not apparent, but the fact appears to be beyond dispute. It was
interesting to note that the application of sodium carbonate to the
water before adding the alum did not have the same effect as the
addition of sodium hydrate to the alum itself. These experiments
were then repeated on a large scale in the actual operation of the
filter. Caustic soda was purchased and added to the alum solution
in the tanks, but this did .not appear to give any improvement in the
results of filtration, while it did give rise to a noticeable sludge in the
bottom of the alum tanks. It was evident that this method of appli
cation was not the proper one, for, as shown by laboratory experi
ment, although the sodium hydrate dissolved with reasonable care,
especially on being warmed, it precipitated within a short time, and
the solution apparently lost its basic property. Accordingly the soda
solution was made up separately from the alum, and an arrangement
was made whereby it was applied to the alum solution just before
the latter was added to the water. This method of application
appeared to accomplish its purpose, and there was an immediate
improvement in the efficiency of the plant, as shown by the following
figures; the first line represents the period during which the neutral
alum was used without soda; the second with soda:

TABLE 1.

BACTERIA PER C.C. COLOR POUNDS PER MJLI.JO~

GALLONS

Raw Filtered Per Cent Raw Filtered Quantity Quantity
Water Water Reduction Water Water of Alum of Soda

4.37° 39 1 9I.O '45 13 267 °
2,5 20 122 95. 2 45 I

6 237 5
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Not only were the bacterial efficiency and the color of the effluent
improved, but it was found that equally as good results could be
obtained by the use of less alum when the soda was used as when
soda was not used. These experiments were so convincing that it
was decided to purchase a new lot of alum which had a basicity ratio
of at least L0S. The results obtained with this new lot of alum
showed a great improvement over previous ones, a fact made evident
by the figures given below. In order to make a further test of the
advantages of the basic alum, the use of the two alums was alternated
from time to time in order to obtain comparative results.

TABLE 2.

AVERAGE No. BACTERIA PER C.C.
QUANTITY

DATES

I

ALUM* ALUM
Raw Filtered Per Cent

Water Water Reduction

Mar. 27-3° .............. 10,130 5°0 95·4 199 Neutral alum
Mar. 3I-Apr. 4.......... 19,755 78 99·4 3°3 Basic "
April 5- 6............... 13.400 152 98.7 294 Neutral "
April 7-8 ............... 3,810 73 98.2 265 Basic "
April 9-10 .............. 1,390 74 95·0 278 Neutral "
April II-29 .............. 2,212 7i 96.7 223 Basic "
Apr. 30-.\1 ay 8 .......... 2.314 135 94·5 223 Neutral "
Mav ~I8 .............. 996 43 95.8 228 Basic "
May 19-3 1.............. 1,423 99 93. 0 260 Neutral "

Average ............. 4,022 176 95·5 244 Neutral alum for 30 days
Average ............. 4,374 68 98.4 238

I
Basic alum for 40 days

*Pounds per million gallons.

The figures show that with the neutral alum the bacterial effi
ciency for 30 days was 95.5 per cent, while with the basic alum for
40 days it was 98.4, even though the quantity of basic alum used was
slightly less than in the case of the neutral' alum. Since that time
the use of basic alum has been insisted upon, and the efficiency of
the filters has been satisfactory.

The following table gives the results of chemical analyses of
typical lots of neutral and basic alums which have been used:

TABLE 3.

I
l.ot Lot Lot Lot Lot l.ot

No. 3 No. S No. 7 No. 9 No. 10 No. IS

Available AI.03· .. ····.· 17·24 17. 23 17·18 17.56 17 ·95 17·57
Total S03.·· .. ········· 40.92 40.70 41.43 4°·35 40. 17 40.05
Free S03.·············· 0.20 0.18 0.27 0.23 0.14 0.15

~~~O~.: '. ::::: :::::: ::I
0.05 0.042 0.05 0.05 0.17 0.20
0.27 0.28 0.27 0.23 0. I4 0.01

In~ll!b~e m,atter ........ '1 0.09 0.26 0·14 0.06 0.08 0.25
Basicity ratio ............ 0·995 1.00 0.<)82 1. 025 1.°5 1.°3
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The neutral alums were found to be unsatisfactory in another
respect. When dissolved in the alum tanks the solution was turbid,
and when the tank was emptied a considerable amount of sludge was
found at the bottom. This insoluble matter caused no little trouble
with the small centrifugal pumps which were used in pumping the
solution to the tank where its rate of application to the water was
controlled. The suspended matter in the alum solution formed
deposits in the pipes, which had to be frequently cleaned out in order
to maintain a continuously uniform flow. It also necessitated frequent
cleaning of the alum tanks. Some of the sediment was due to the
presence of ferric iron, but a part of it appeared to be due to unde
composed bauxite used for the manufacture of the alum. The basic
alums which have been used have not given nearly as much trouble
in this regard as the neutral alums.

The sludge that formed in the bottom of the tank was detri
mental, however, only in a mechanical way, that is, by preventing
the uniform application of the solution to the water. It did not
affect the active strength of the solution (i. e., the available A1203 ) ,

as the following figures will show. Samples of the alum solution
were taken from the tanks and allowed to stand in bottles for 24

hours. Then equal portions were taken, of A the clear solution at
the surface; and B the solution containing the sludge at the bot
tom. Gravimetric determinations of the alumnia in these samples
gave results as follows:

TABLE 4.

Sample No. I. .

ll. '" 2 ..•.........

" 3············

A

0.0078 grams AI203
0.0770" ..
0.0899 ..

H

0.0867 grams AI203
o 0777" ..
0.09 10 "

Alums furnished by different dealers vary considerably with
respect to their iron contents. In some cases the iron is present
chiefly in the ferrous condition, and in other cases in the ferric. It
has been the habit of some filtration engineers to specify that the iron
shall be present chiefly in the latter form, fearing that in the ferrous
condition it would be more likely to unite with the organic matter,
pass through the filter, and remain in the filtered water. Our expe-
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rience has been that this fear is unfounded, and that there is' an
advantage in having the iron present in the ferrous form instead of in
the ferric. The resulting solution appears to be much clearer, and
there is less sludge formed in the tank, less clogging of the pipes,
and less interference with the regulation of the alum feed. There
is, however, a limit beyond which the amount of iron should not be
allowed to pass. Laboratory experiments which we conducted in con
nection with the matter, as well as experiments made with the entire
plant on a larger scale, showed that an amount of ferrous iron equal
to 0.5 per cent of the alum gave no trouble. It increased neither the
color of the filtered water nor the amount of iron which it contained.

As a result of our experience the following specifications have
been drawn up for the purchase of future supplies of alum, and we
suggest that specifications for filter alum shall always require that
there shall be a substantial excess of alumina, that is, that the alum
shall be distinctly basic. This is usually so in any case when the
-available alumina exceeds 17.5 per cent.

SPECIFICATIONS.

The basic sulphate of alumina shall be guaranteed to contain 17 per cent of
alumina (AI2 0 3) , soluble in water, and of this amount at least 5 per cent shall be in
excess of the amount theoretically necessary to combine with the sulphuric acid
present. It shall not contain more than 0.1 per cent of matter insoluble in water
and it shall be practically free of chips and debris of all kinds. It shall not contain
more than 0.5 per cent of iron (Fe203) , and the iron shall be preferably in the ferrous
state. The alum shall be crushed to pieces of such a size that they will pass through
a ring three inches in diameter.

If bidders so desire, they may bid on a product containing a larger amount of
soluble alumina, stating, however, the amount which they guarantee. The additional
~ tt ength will be taken into account in deciding where to place the order




